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Abstract

Analysis of data from 60 wells in and arouna the Nevada Test Site,
incluaing 16 °n the Yucca Mountain area, ingicates a thermal regime
characterized by large vertical and lateral gradients in heat flow. <Zcstimates
of heat flow indicate considerable variation on both regional and iocal
scales. The variations are attributable primarily to hydrologic processes
involving interbasin flow with a vertical component of (seepage) velocity
(volume flux) of a few mm/yr. Apart from indicating a general downward
movement of water at a few mm/yr, the results from Yucca Mountain are as yet

inconclusive.




INTRODUCTION

The Geothermal S5tudies ~roject, USGS., has been oeriocdically measuring
temparatures ‘n noles <Jriilea ‘n ana rear the Nevaga ~ast Sita (NTS) in
southern Nevaaga (fig. -). OCur primary motivation has been the measurement of
tha earth's heat flow. ~hus, ~nen we examined temperature profilas within the
context of heat flow in the westarn United States (Sass and others, 1971), we
discarded most of the data we had obtained as unsuitable owing to hydrologic
disturbancas to the conductive heat-flow fiald. Recently (Lachenbruch and
Sass, 1977), wa have attemptad to refine our interpretation of the variation
of heat flow in the western U.S. In particular, we have sought to explain
much of the scatter in heat flow within the Great Basin in tarms of local
watar circulation. In addition, we have interpreted the large area of
anomalously low heat “low (Eureka Low, EL, fig. 1) as reflecting regional
water flow with a downwara (seepage) velocity component on the order of a few
mm/y (Lachenbruch and Sass, 1977) consistent with regional hydroleogic studies
(see Winograd ana Thordarson, 1975). The regional heat flow from beneath the
zone of hydrologic aisturbance in the Eureka Low may obe tﬁe sama as that
characteristic of <the Jireat Basin in general (~80 mWm 2, or ~2 HFU) or it
could be as high as ~100 mwm 2 (~2.5 HFU).

In view of the importance of hydrologic processes in determining the
suitability of proposea repository sites, and because thermal measurements are
extremely saensitive o <nese orocesses, we have re-examined our existing data
and obtained aaditional zata from Syncline Ridge near the Eleana Range, hole
U15K in the Climax Stcck. ana from all available wells near Yucca Mountain
(fig. 2). In :nis section, we briefly review the thermal data from

approximately 60 weiis ana their impiications for regional heat flow. We also



examine in more detail the thermal data from the Yucca Mountain site and their
implications for vertical water flow within and adjacent t3 the proposed
nuclear waste repository.
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Figure 1. ‘ap of western United States showing heat-flow contours
\in dFUY) L heat-flow unit (HFU) = 41.86 mwm °. EL is Eureka Low.
Arrow indicates outline of approximate boundaries of the Nevada
Test_: §ite (3S). deavy line is 2.3 HFU contour, dased on tne
empirical relation petween silica temperatures and heat flow
‘Swanperg and Morgan, 1978).
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REGIONAL HEAT FLOW

Available heat-flow gata Tr~om the NTS region are summarized in table 1
and Figure 3. "M@ qgata descr-tea as *'!SG5 Jnpublisheg" ire oreiiminary and
are subject to minor revision (% a few percent) upon further study. The data
(fig. 3) indicata a typical Basin-and-Ranga distribution of heat flow in the
region immediataly surrounding Mercury but a rather complex situation to the
north and wast. Tha complexity of the tharmal regime is further demonstrated,
and can be explained to some extant, by consideration of all temperature data
within the region (fig. 2). These data are presentad as a saries of composite
temperature-depth plots ("worm diagrams“) for different areas within the
region in figures 4 through 8 and 10.

Beneath Pahute Mesa (fig. 4), temperature gradients are fairly low (~20
to é5°C/km), and the tuffs within which the wells were drilled have low
thermal conductivities (1 to 1.5 wm ¢ K !) resuiting in anomalously low values
of regional heat flow. The deepest log we obtainad from NTS was that in Ue20f
(fig. 4). In the upper 1.5 km, the temperature gradient is 26°C/km and the
calculated conductive heat flow is less than 40 mwm 2. Below 1.5 km, there is
a zone extending to nearly 3 km that is probably disturbed by a complex
combination of lateral and vertical water flow. Below 3 km, the temperature
profile is Tinear, and the gradient is 37°C/km. Thermal conductivities in
this saction are -t well characterized, but reasonable values would result in
heat-flow valt between 80 and 100 mwm 2 wnich is typical of the Basin and
Range Province 1 general. The implication here is that water is carrying off
much of the ec h's heat in the upper 3 km and celivering 1t elsewhere. Well
PM-2 is a possible exception. Its temperature profile (fig. 4) might indicate

regional heat flow or possibly just a local upwelling of convecting water.
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TABLE .. Heat-Tlow determinations in ana adjacent o
the Nevaaa Test Site (see Figures 2 ana 3 for iccations)

Well Heat flow Reference

mWm 2 HFU
PM2 63 1.5 Sass and others, 1971
PM1 42 1.0 Sass and others, 1971
ooL 80 1.9 Sass and others, 1971
UlsK 56 1.3 USGS unpublished
Uel7e 66 1.58 USGS unpublished
TWE 29 0.7 Sass and others, 1971
J-13 67 1.6 Sass and others, 1971
Ue25al 54 1.3 Sass and others, 1980
Ue25bl 47 1.1 USGS unpublished
Ue25a3 130 3.1 Sass and others, 1980
USWG1* 52 1.25 Table 2, this paper
TWF 76 1.81 Sass ana others, 1971
W3 92 2.2 Sass and others, 1971
TWS 84 2.0 Sass and others, 1971
W4 91 2.2 Sass and others, 1971

*Average heat flow in lowermost ~600 m.
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Consideration of temperatures from other areas of the NTS (figs. 5
through 8)' also suggests ‘ateral variations in neat 'f1ow that can be
attributed largely to lateral ina verticai w~ater ~ovement with vertica!l
saepage velocitias probably on tha order of 1-10 mm/y.

The most reliable "flux plates" for determination of regional heat flow
generally have been granitic bodies. Unfortunately, we have only one such
datermination (U15k, fig. 3), and even it is uncertain because tha hole is
relatively shallow (~260 m), and we have only one detarmination of thermal
conductivity. The best documentad heat-flux value in this region is that for
UE1l7e (figs. 3 and 7) which was drilled in argi11%tes of tha Eleana Formation.
This is the only well in this entire study for which wae can rule out vertical
watar movement in the hole, as the access casing was completely grouted in.
In other wells, some or all of the perturbations to the steady-state
conductive thermal regime may be the result of water movement in the annulus
between casing and borehole wall rather than water movement in the formation.
Fortunataly, however, it is usually possible to distinguish between the two
types of flow on the basis of the shape of the disturbed temperature profile.

To characterize adequately the heat flow in this region, we require
several holes to depths of saveral hundred meters, preferably drilled in
granitic rocks, and with the annulus between access casing and borehole wall

compietely sealed off by grout or a similar medium.

- 11 -



L)
400
N\
)
{.
D
e ]
: Q
0 £ 800
, -/
L
~)
Q.
()
(@)
1200}
1600

Figure b,

Composita Temperature Profile for Ralnler Masa & Environs.

Temperalure. (deg C)

) 1o 20 30 40

" T s e T v T

RAIN
\\\\¢?n4
baL
+
U 12«
HAGESTAD
ot
™

L-... S B Y WU S | e b




Temperature (deg C)
35

S 1S 25 45
or— v v y T T v —
i
206 |-
N
0
L 4e0[
g Aee
-4
' ]
e &
' Ny
C
-+ 660["
Q
Q
QO
800 |-
1000 : . = : . .

Wt

o

CH)

Figure o,

Composite Tamparature Profile for Yucca Flat Area




200

th (meters)

609

Dep

800

1000

400 [~

Figure 7,

Temperalture (deg C)
25 35

R R : . Cea e

e [ v e . - 1

e

Composita Plot of Temperalures balow 180 m,Syncline Ridge

45




Temperature (deg ()

20 30 40 50 60 70
0 Y | T - "‘"“]"""‘—'_‘ Tr N - —T T
TUS )
200 - -
i Jit ]
M~ 4081 Ty4 W3 s
0 TW10
.
()
' —)
o ()
, £ 600 -
./
P
-
a TWF
O 840 - .
1604 |- -
1209 —~ - o — — S L = ! . L
Figure 8. Composile Temperalure Profile for the Southern NTS.




THERMAL REGIME OF YUCCA MOUNTAIN

Locations of wells drilled specifically to study the repository site
being investigated at Yucca Mountain are shown in figure 9. The most recent
temperature profiles from these wells (and some nearby wells, fig. 2) are
presented in figures 10 and 11. The hydraulic potentiometric surface beneath
Yucca Mountain is deeper than 500 meters. The curves show variations in
thermal gradients to about 1,000 m. Thus, hydrolecgic disturbances tc the
temperature field may occur both above and below the water table. Some of the
extreme variations in thermal gradient above the water table might be
explained in terms of two-phase water flow, with the ratio of liquid to vapor
varying as a function of depth (see Lachenbruch, 1981). At present, this
seems to be the most reasonable physical explanation for the types of
variations, both lateral and vertical, in temperature gradients observed in
the "conductor holes" (UE25a4, S5, 6, and 7, fig. 9), a closely grouped series
of holes drilled entirely within the unsaturated zone. Some, but by no means
'311, of the variations in gradient for this series (fig. 11) may be explained
by long~lived transients resulting from the loss of large quantities of mud
dufing drilling. The holes are, however, effectively in thermal equilibrium,
and the gradient variations cannot be ascribed plausibly to variations in
thermal conductivity (particularly where there are temperature reversals).

For the deepest wells (Gl and Hl, fig. 10), systematic variations in
temperature gradient occur withﬁut corresponding variations in thermal
conductivity. Our preliminary interpretation suggested a systematic downward
percolation of ground water through both unsaturated and saturated zones with
seepage velocities of a few mm/y. With sufficient thermal conductivity data

now available, we are able to test that interpretation quantitatively.

- 16 -
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Temperature gradients within individual formations were cambined with
thermal conductiviéy determinations by Lappin and others (1982) (above ~3900 m)
and our own measurements (below ~900 m) to obtain component conductive heat
flows for each formation (table 2). ‘The six interval heat flows increase
systematically with depth, lending support to our preliminary interpretation.
If we assume that one-dimensional steady-state vertical water flow is
responsible for the observed increase in heat flow with depth and that the
material is saturated, we may perform a simple calculation to estimate the
seepage velocity and penetration depth of the vertical w;ter flow.

For the idealized conditions assumed, conservation of mass and energy
requires that the temperature 6 be related to the vertical volumetric flow
rate of interstitial water V by the differential equation (see e.g.,

Lachenbruch and Sass, 1977)

d_ .98 _ _ ... y28
az Faz ple’Vaz (1

where z is depth and V is taken positive for upward flow. Density and
specific heat at constant pressure for the water are represented by p' and c',
respectively; k is thermal conductivity of the saturated aggregate. Their

values are approximately

p'e' =1 cal/em® °C = 4.2 x 10% J/m3K (2a3)

4.3 mcal/cm sec °C = 1.8 W/m K (2b)

K

The vertical conductive heat flow q (positive upward) is defined by

= 98
9= kiz (3)

Combining (1) and (3) yieldsv a relation between vertical heat flow and

volumetric flow velocity V (e.g., cm3 of water per cmi of cross sectional area

- 20 -
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of aggregate per unit time)

da _ _
az - A , (4)
where
1t !
A= e.%:! (5)

According to (4), the conducted heat flow at the surface 9y is related to the

conducted heat flow q(z) at depth z by

a(2) = q e A2 (6)
where

A=

N

fg Adz (7)

Thus A is a representative value of A in the depth range (0,z].

"To obtain an order of magnitude estimate of A (and hence V, equation 5),
we neglect its variation with depth and fit a curve of form (6) to heat flows
q(z) determined over a number of depth intervals in the hole. The interval
heat flows were plotted as a function of the depth of the mid-point of the
interval (fig. 12) and a least-squares regression curve (also shown in the
figure) was calculated. The parameters of equation 6 obtained from the

regression analysis are:

q 0.53 HFU = 22.4 mW/m 8)

o

-6.12 x 10 4 m ¢ (9)

The correlation coefficient is 0.95, and the maximum departures from the
Teast-squares 1ine are about *5 mW/m2 which we consider reasonable in view of

the idealized nature of the model and likely sources of measurement error.

- 22 -
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Combining equations 2, 5, and 9 yields an estimate of the vertical seepage

velocity
= —k =z
V= T A (10a)
= 2.6 x 10 19 m/s = 8 mm/y (10b)

The average particle velocity of the pore water is obtained from V by dividing
by the porosity; i.e., it would be 40 mm/yr (40 m/1000 yrs) for a porosity of
20% (10b).

If we assume that this simple flow pattern persists to some depth *,
beneath which the heat flow is equal to the regional value g(z*), we can

estimate the depth of vertical flow from equations 6, 8, and 9

2% = =L gq ﬂﬁiil (11a)
A ]

=2 km if q(z*) = 80 mW/m ~2 HFU (11b)

=2.5 km if q(z*) = 100 mwW/m ~2.5 HFU - (11e)

Although this model represents a gross idealization, it leads to numerical
values for vertical seepage velocity (10b) and circulation depth (11b and c)

that are reasonable in order of magnitude and consistent with other infor-

mation.

- 24 -



SUMMARY

From thermai measurements in about £J0 weils. :* appears that over much of
the %Nevaaa Test lite. -1ciuaing the -ucca Mountain site. z=ne iTeagy-state,
conductive thermai regime has oeen altered significantly toc depths as great as
2 to 3 km oy water movement having a vertical component of seepage velocity of
several meters per millenium. Regionally, the predominant vertical flow in
this depth range is downward, but local upwellings exist. The measurements
suggest 2- or 3-dimensional flow which in turn suggests that lataral movement
of ground water must also be involved; howeve;. the thermal measurements
provide no measure of lateral velocities. In summarizing these results, we
emphasize that of all the holes we have studied at NTS, only Uel7e was
completed in the manner required for a confident analysis of the thermal
effects of natural ground-water flow. In the other holes. the annulus was not
blocked with grout, and uncertainties persist regarding possible complications
of local vertical flow within the annulus behind the well casing.

In the Yucca Mountain area itself, measurements in wells deeper than 1 km
suggest a downward water movement with seepage velocity on the order of

1-10 mmsy.
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APPENDIX A-1.
Thermal conductivity, density, and apparent porosity of tuffs

from USWGl {(measured at ~25°C)
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1ABIL A} Iherwa)l conducLivity, deasily, snd dpparent poroesity of tutls
frum USWGL (medsured al ~25°C)--cLontlinued

Depth, » formation Lithology K p‘ Q"
O T wm K gm cm ? x
1511.6 ird Zeolitized non-welded tuff 1.68 NM NM
1540.0 TLA Sthicic tuft densely welded 1.94 2.30 12 4
1573.0 TLA Silicic tult densely welded 1.98 2.28 14.0
1600.0 TLA Zeolitized tuft densely welded 2.15 2.30 14.8
1b32. 6 it lealitized tuft bedded 2.12 2.35 11.3
1675.) 1 Zeolitlzed non-welded tuflt 1.70 NM NM
17116 9 Ttc leolitized tuff densely welded 1.94 2.39 1.2
1747.7 e Devitrified moderately welded tuff 1.91 2.46 9.2
;‘ 1754. % T Devitrified moderately welded tutf 1.85 2.43 1.0
ib 1763.3 "ne Devitritied moderately welded tuff 1.97 2.47 8.6
1813. 8 e Silicitied moderately welded tutf 1.89 2.49 5.4
1814.0 1t Silicified moderately welded tuff 1.86 2.3) 13.6

Rictl, tram unit, Crater Flat tuft
1tb, Flow Breccia
Tr¥, tithic-rich tuff
It, older ash-flow and bedded tuff, units A, B, and C

'5aluraled density NM, not measuved (because of disintegration of specimen).

n saturated wefight - dry weight

saturated weight

Apparent porosity -~ N4, not measured.




37¢

TAS COMPANESON F L APARIIG IR IE T 1N ST
© SNA AN BT ER WYt

[Ne 127939

RIS, D, ept ot Ganlngy, Bestera Mohigen tinty Ll o meed

.t dwva
s eate L mmide Wi ITtL of tnuthern Remtans d1/fer from thate In
wing 1A soveral bopartant waps:
Ceemad ith 1O W te): they e teuperait
v v spatrall

A with Lo (s ol ihngs magmotic ot iy V. et they in:-ln
qr 11 Snlintod and Vavwred Ravrmpnt rovbs,

te 00 one 18 \guing of the peincipel wrlifty may be ¢ lote!
tared 1n the presonce of avigristed Saguat 13m In Nemt gna .: ::“’NO
ek wbivity I Vymeing.  Yhevasl grpdionts thautd have poon
sreiond Yo L pte (rel ormnus §lop
he brittie-Aurtile (rangition

hewm (hal the rotte of warl N .
Y buess nt the brittie Togor (W) by Aot nek, ‘Llr.:lr,u‘:":hl‘
a0t o the Loramide w1101y 1 Brniang ndf. Mos thal ¥ mey have
svosn challom gs B R Aw Bt the weitern 090 0f the Imoland andt thet
neapencd (20.30 k) sadtuard in the Regetonth Rruntalng, By
“r . 0 Wyaming W have boon (4.7% be nn 1he wrs? (Mnsy Sreh .
W) i have Aeppened A 10 Mohe Asnthy the
' peaditted hrittle tayer thirhnecs AVt ot hiaher thermal
Cin the Baniany frwe)ang
1] 179 hartor tham ahout @0 be rreretpanay tn
' alty high thovemal g sdtonty the ¢ tmipst spwred petaory
Lo memtens e ghat 1 be pat and may Therators be petly
Tled b, pre-sutsitng Tault yones. Mmep ¢ Inerdy pavod cocrmtery
Yovr o tearly prmtraliod by pro sulating fault 1t snd ant (he
Ve ot T e T8 Tayer

Tt e Mighly S od hatoment rorty 1o Rentang toratly tallysnce
DL Ty nt Teariend 161y, het They do ant wnear fa vignifioant Iy
TN Y dpaing m thendt thact thichasts

1o Plotsbenonn Reupunmy of 16 Piafiosn Biver 40 Fogtunst lN?_l_?_Z_l_!_L
= tovel Changy for Sy Mudtam Toliey, Senthwast Mavions

TISEIMR wieoodm P aRITIER Oole !, Dupey et of Supingy,

. 'm’.":---—:.'wm. Ot X 47901

3 " River G ey e LU 1o 1Ty S0 P Y -
mive sthir il up iwp nm.muw.:-uc-w:.—‘ml-:
by mvaber tr Ay g quny Alfiurium tn W oyl Wt of i Cre §on ey
. 'ﬂ"m"nhb'ﬂ‘r!‘h'&ow*.lﬂlﬂ. The Sug
TR o i fan gt s et & wwumm.mu
oo by oy Faathom River wmuer (rovts bugon o7 9t Bl L oo omvivelond
""-ﬁﬂ-,Gh“—tumbﬂ.olﬂlﬁ“bh"hh
o Rk in g, Pradile age tar rerms of vy Or oo et wovivoltnd ovtweh
vunwwmmuﬂnmnow—'—no—-
v e Qv etsien in iy wpltey roTh i ted A o Pult L ¢y glacietion
v 1 slations aqmsl Pt enirweiongnt of e Mabum Yoty Naw bapn ot He rev Surn
¥ W whtin o L S e ing wpsiresn

oo 6 Rt L Ghe 5gs of Sutwann 100 40 S 140 0a B P | Yo M rete of v ftond
| 10 Mot Rivar &t 8 Seby resk romih hap o st 40 - 60 o/ 10 ey
e ortitad roly ou W Ivel e Shich W ooyt wapeard of Onter Orest by
” -muundu«-unm—lww.ﬁm
' P {0 Fivimea ot 0 rele e 260 - 330 w/10Y vy The artvel roten of riviem
= bly g omter mm—m'wty“mnnm-n
anie ndwwh wnumm-mn—m‘nwnmwn
1o by Ho imprint o mre W lertic anirnt Shich ofier! e ete arienie
cw e ed Wy hemin

TamORISh MPTNORT BV TRE CRAESY ANP STRSVEFENY
b0 N NGt SWANRABMES. tLOBANT
[ y Ropt

Avgestere Tal Im.- -

L
A STrevher-y |ote quodrongies atrsddie the soet sorgin of
*nee 000t al Bevidec. Cnloradn  Tupnosd Proveser ton rarbped
rtetaraic In oge ond conelnt of § 7 b ¥ *id Nigh grade
Rttt ond 1T By widend LA By wie pintonic jgnooen

'ee wntgant phie rerte ore watnly Slgani 114e S10tite achigt 1hiotite
Isgiartese spcrariioe - QEINSY eardiet tiet why
" 'he wpper quphive. 3 730 segreee €. 0 4
wrede wisemiphion. 10eressing The vowt, piasured severs)

b "8 169001 grode SOBULloge Wing Bietite quaris-
© nrioey seemee 10000+ gremitic grotus ond gronading itte
wmrbhie. strearcliine guotue,
e prosent

Treatans 1al0 tae sotownrphie teuts shewl § 7 8. 0. v pradeted o
b ead & feo oubller plutens of Bnulge: Crovs Reonasior fte talonas
castlen, cowghly
serphton, crontod ot Jeumt thive

”

O 9. S% Srotuced o vtash and reatrave onelier
01ver Plums Sroatte, Theso 1M1ruaione are cosm 1008 vith
31 enp. a2tonsrptioe ond miy Sfner folding  Pirry nu
T EOAPEY 01000 ore prabebly WEN)supstsnsnue YA the

-y TRACTS WITH PROGRAMS, [9R?

They oo @y clotely ypaed (18 190

tng nf 5 W itile loww shave & Burtile tubttrate

c A e “e i LT 2 2 L

Plum Srentte, nd winer dibes ead Irreguior Dedies of loagrophyre aey
e emnteapersasevs h 810her or SMth sojur pirinie of Introeten.
Toulte sith aplentie (s the wou oay beve ndorgune one or Suré
.pn-a of sovenant 1e00 chavt 1.7 B.y ope wp In 3t lecet pinet §. 2
.v. ogm,

1ANDSLIDE DMMOHING OF WWNITATR STRFANS
THRITIER, Rebery 1., W.%, Cenjngics) fuwrvey,

By JA086, W & W&, Renear, (0 W0

Geningiral Survay, SO Merdrther P
Lendniide daaming of
hazard In aruntelneus P "t reearie Lan
NIEner then the wa 14°S RIERPAL mRalryr’ 4 108 Lhe 1401 ‘]
1andniine dam, N .2 2.0, ot Joaet %0 @ 1 4%, veraue the re-entiy
fenatrurted et Dus, 9. .80, P & hisa. B1thrugh they we Frreed
Py v8cEAus AINER of SA9¢ Grvimentd In A1¢ 1 rront PRy tagr aphi e
RRLEINRS, Ehe 1AFARSt #nd et Rater dngs 1 nde) [4e demd v e mnat
FORRRLE FBURSA DY FOrE A11A00 SAG rrack ~ Aehrie Avalanches In $tasp
CALESA RACr e CARFOAS 10 wrum? 4inowe Yorralm,

IA41314m81 1RAY1146 Aeamsdt 10404 Bvy 1048 far S40sra) BtAutos nr
fre asearal 1hauased peavs, depending wn & Audhee of Partora,
In 1uding rote af (nfinwe Af uater aArt sediBDent \n the 18pauadmant ;
alre and gengetry he Inndn)f4e Aem; vnlume and phesical feopert ian
na dem materty FOte Bf saepams through Lha Sam: 4nd the ne Af
0ar fg AR FAL Beeturee, uch 89 artITIFIa) aplltuaye,
Ong, and tunnaly, and plannsd Wrsarhing by Minsting ~r
lona) esraeniinn, 89 {4 the rans fnr snginesrad Aeme,
(andsiide dame roanit In Recbustar flonding Af ‘nelr upetross
I1Spnundaant erews.  Wweser, ynlles the viet majnr f anglnesrad
ARAL, Aade or L8Lér @44? Landnl{de Asms we aAvarfapped b
rase) v MeRy Af TSR Rava falled -y
Awnetzoam F1004In. Coana)? 168 fram Indi
IR The thowsands  “arcndery SETerta of Inndviide dam el hires
Inrluvde sdditinnal jandniiding on Faesrvalr levela rine ne rapidly
fall, aperadet (n Grunetreme from the failad doms. and oMY ~hanna]
“hanges Math dwnalcome and famedl el nly Hpet reae,

SRHERTALOCICAL RPPECTS OF Twit FRCTONIC TRARSITION
L{ FOLE- TRENST BRPABMAT INR 1 TIRWET -crefn Ly,

PROTIMAL BPYIRR PORPLAND (18 WILE -PRICY BIVER-SrpTH
hRt ANTREVALY, TAPARINI-PALICPE YA
WNANE, Poter, Bopt, Al Conlmpp & Nineralngy, The Miin Srate
Privernity, Caluabee, MR 43118
Sediasatorion of the thewot batt - fnralond Sosle boundory la rost
during Idg Toranion

of conglomratee dusing
Couponisn, hrumesr, asthe roavend throot sheot
wneeanat oF the Conpae Bonge theuwst. Ae o oo

. Puring the lotr Companion
o7 ond farefesy woe ]
Tawpanion sysnseps

cichtion
Late Componian sediavarat 1rn pottorns shaw rapld
tontopegrarhy aad Suriet ol 1 omponien folde. Brainages
wwee cantined to the otrurtusal Setine, ond deteftue woo decived trne
wlant highs, oith ronglnmsiote fithnlagion vetiscting srusenn af
wplifted Crotacoons rarbe, A1 The thewet tennt, vpper »
qoerteiten wwre thruet sgeinat oad cvor drag-Tnlded cang
Comparion age. Late Compenian enagd

diornntargehly svertie

toronne rarhie tn o varging

»e
» ovsrlis and thin wmotvard apsinet the lere
THY UPPER CRUMTAL DFTACIIMINT SYSTEM AT YINTA |m !J!!!
MOLUNTAN, S NEVADA
U OTY, Reobort 0. ond MINTNEY, Joda ™ US Candugical Servey, §odivrat
Contor, M 911, Doneey. €8 09224

Arror Ameat syIom die apt §900s The nerihepn wribing, sighn loawret weskis - glip foplt
WA iR i vieksity of Yores ik on e onrvhern sl of e mageisis oad St
e nmitheuss onibing. Iofr Totorat ngrcesrhs Faod foult In 1y ssorbern part of e
mesnmn  Ridges of 1) Ms tulfe ae affort in o f lnterel paes 30 Bpch & ¢ hen
304 A:snege < haanely an Quntvenany o

[Ne 120925

Scoff ared Whitney, 1987

- ol appeceat vorticat nifeel arcars in hgsind wnibs (48 14 Me) 20pherd in Tand rempn
vinng the Rusrd Bune foult  The smmunt of affert nn the mmrmel Toulie ond weke .
iy puite BPreses th dur rouer anefhwerd, IgRENing & ciwl with spiating nf the
Arim hmenl Mack from o Pt priat o the Reithern pael wf Yores Masmieen  The
heod et of the dnim hment cyusem prabebly (nlinwe the senng phviwgl praporty
Prwndary betwsen prohinred Tortey tulf snd Polenevner corhniniee  Ciravity madehy
ety o this bewideiy 10 ncreeet Firnm & depth of | bm m the PoMern paet of the
mannigin tennlwmed Bo defimg) 10 00 e b 58 & kim in 1he PrThedeiyn o

K inemetic ronuwy " of the appes plate of e

Aein hment svitem tnaned Crater Tl We cnnchoe that 8 doterbenont ewnded

P utes the Bed saptuntion fav the srucinesl [oatuiny snd e tnnic #wwivtion ot
Swria Mouninn

A TRIOE CAISPRS TR CTLA WILDPgNESS, SV WPY WexiCe 12642
WHUAR, Shetle |. and MATIR, welfgena §., Fept. of
Coningy, Patvereity of Wew Nesien, AJbyquerqua, ™ 1]

ot o M te te the stylelite plons. Stplelites trumcote phgmarryine
sm.u::t":u sutention quihs comtaln thia (0 005 to 9.79 ), vwoin.
Vibe ¢¢1)ings of ghtoqeptie. blet chiortte or soricite, which cor.
roipend 1o the damingnl hydrothermet Slieration miners of the e
st ey Tore ta vartous ignesws rivds (o §. rhw!
by & ent types of My 1 sitevetion
phylite) ond sre spetially ssvech savions ore depestt tpree
(e 9. porphyry Wy ot teaderson Mop; hpirsthorsel au ot Popuditc, W),
Compared te sedtmpnisry roch stplelites, thowe in iguosws rexis ore
rolly wmre subtie sad costetn ¢ hptvathorem! siaerel u-tlr
mnun 111 ingy mey Sdue} of lons widie

comqtituents of the hast, or proctpitetes ferumd dwring fiow of vy
therss) fluids slang the styletite.

They mp Tore Guring o douteric
ted (o the host. The ousemt

by ¢ atiiiesters for seth styte-°
1te. e fegertont conditions for controliing lelite foreetion in
igreous recby sppeer Lo 2 (1) vary fine-gred te, (2] oloveted

U ta 130 @ U 2 s¥iteic soh-Tlaw (ufl tn the Nepnllon-Butil vo
[} af sruthwwetorn oy Nosties apprar to bo sodacliered with o smml)
*innaly undeartthed coldors. Tin probable contor 1o lorsted oliphtly
on of the Buveum and File CHITF Pmiliage co!
ol? secsptated with the pre-
Tolt (20.32 Mo; Welntooh,
v than the Bivedgend Famven Tulf (79.76 Ma; Nristeeh.
) sapped 14 se Tru, the wulded toff

it The sruprine of the seh- woo ¢ beisl asplesive fnteriwie
tn the porvustan of thess walurivous love donse.
Peldonce fur @ d1atinet raldora Inriudes: |} provsuce of wopebrocria

sapncioted vieth
tranion of tha then Range
torme ol mainy eleptwta ond veverel
o« le, W, ond Na. It I5 wlasrelegic-
ar to the Mgh-of Fonpron tuff (aajev sinerele
wre quarer ond senidine, vith opuvee histite). but 19 Ingeremitote bo-
twoon the alder Shalley Poek Tuff ond the Plnvdqued Foaven TWff ta terws
af K40 Tan, and Fo,0. weight petrente. FTrore siommt sbwndences 08
wit oh‘satne otearal Pumtorry in the Sholler Fooh Toff, Tru, ood the
Stondgond Tongnn Tuff ave with ghros Iy #lorince
eruptirne frow sn seatving ougee areten. The surrecsion of theoe thres
Ll he Wegsllen-Rett] selesnic
fe or high-otitire etwprions.

AL e FUOLITION W TVR AWt
RIPP RASIN, LATY CRPTACPOUR T0 SLICACIWE. 10 A LARR
PORN AS A BPSWLT NP A PALPACPEP PRLPNSLOPE B
APPLAND, Bavid, W.%. Conlagiral Swrvey, Box 25044, WS 999, OFC,
Poaver, ™ MBI2Y
Pluvial resonhodding of ot ng frem late Crotecoom w
Migarens age o being stedied ta dotornien thm polesgoegrophic ond
stractorel svalatinn nf the Fowdet Biver Tusin ol aortheedt Srening
ol orethiost Wnatene.

Putiog aset of the tate Cvetocorve, flurie) éretusge pooevally wme
oootwerd taverd the Wotern Interior %00tuy. Plovial cresshad
vectar-esena fren the latest (votocones (Masuteirhiisn} Lanty
1ting to the eawth of enethwest,
the tuitiotinn of Laresids rersnaian.

tve laealittee fo the
basel Palencens Prrt Wninn Prrestion (Tutllnck Wubar) dn the
oonthesstorn pary nf the booln shew o warhanged cugiomel
polonnings. A merthorly palonsinge in the Telleck Hraher an the soot
alde f the Wasin near the Wentanc-Wysaiag Srste line 10 Seppostad by
voryni-wen rrasshed ditortinna as thres levalftiv

Ne 126878

o . (1) svationte Drdrathernat fiutds, ond (8) a10fprontial
Strese. B predict  stytalfteg will favm in Igneewd tarlty whord  these
conditions ore oot

L‘:l:ﬂz‘nmnc. CORTIOLY OF ""'-“:.;:'"N! 126574

»
vInuiRG PROVINCE: ¥
oth €., Long Loc Mip

T & higher tevel
rlou-lun‘ $
"th s

[48)
L-§ bedy
1] iL]

)
wf the Wyoeing p

] -
ond (¢ thin portian of the Proternrets wab Yolt 10
Falnradn.

SALANCED PALEOCEOCOAPNY AF9 PLIO-PLETSTRCYN? WWLIVY

PISTONY PP TR WNCEY EnYTATNS N2 138

A, C.A., Weoevy, Conparsifive lustitute for Geotdteh la
Envtrommrntet Seloaces, snld Buportment of Cosloagy. Peteers
Colorade, Baulder, C0 SOWY-O2I8.

140 proltatoney ovidowre for contetpetel

b iiahsd putonrwrront direciions fran the appovenet Phe
Parastion fndicote that the basin tilted anethoerd o oue
latest tHoe. to 1% otely Income
Wesatrh Porantion ot W lovalit(en ohww 8 aarth-Fflretag Seoin-atts
tinvial avatrn. Aligreens droinage tn the anrehorn and ronteel goeve
wl 1he heain wne th the nerthecet While & esfnr sent-tineling rives
ctnoned the pruthern sorgie of the hes

STVLOLITES 1N WYOROTIEINUMLY-AL TIMED ICWPY BOCRS
AR, Josws R, end BILLON, [ric P., Depertownt
of Cenlagy, (olorsde Schonl of Nines, Solden, Colorade $000)

S ore 1018 Surface (harectorited by sutunl columm ond 1ochet

nterdigitotions, ond gqenerstly are betteved te form by presswre diy.

slutton during diognesls or dotormtion  Thoy ysunlly form in coarte-
commnly i0 saaditonss, ond are verely rveperted te

Wy heve discovered four acrurrences ‘lnn -,

£0. ond twe (n Uhe Sowiteh Ronge, CO) of sty s Ia

sphanitic, porphyritic ¥ 49, In the Sowsteh Bonge. stytelites

ore presgat sear ond wubsarelle) te the Bete of teve flows ond  Lhe

sprging of dites  Thoy ore proveat o3 of . 0 echolon, or bretded

1Wrincey and ore et isns connected by thin estention gshey whirh form

>
within on e0onetd ¢looed evetmm
Moo

vy ond 4 9
mpe sode) 1) the roplsceasat of sedinente frem thelr L]
degneition berd their site of avanimn, 1) feontetlic od fosrusmte
anenrioted with the Inading ond eadiag of evdiusat, pote flolde,
ond son wntor, ond V) 000 1owe) Fiuetveticns. The swownt of 9pdife fo
then setianted by conparing the prodicrad yield durfng oroaten of the
prelintoery patestesegrophic mape to 1he sndimwwt yield sboorved is
the gealegie recetd.

't ereorving fo the Soetove-vemtrnl
L] tinn frem the of tha Serky Meseteine

usted throagh g edndand

ohewm, bF thi0 0o1hed, te hove bogm =n sirlier then

* v ond el
SNeorturel snsivese ateag the Frent Goage. Reppave for the bote
*hote of the Barky Womntalne 16 presest 10 sodieent suse-ogv
butfon date. IF the rogion Gad buon standtly wpléfeed ever the
oy, ond Wl Seee sveded by vivars heviag codtuesd Plelde
o the andorn Hiopleaippt fren e vhow the svetage
evation sgy W the present vise the ewsrage slevatioe o W9
=, the ooftanat 1014 wunid Bo sourly toice the avtanl sbworved move.
Te ronfore v -t beteane v ples, the wpitts, and
tosnitont lorpe sodinnnt yiolde, mmt Mave orretred olare The Rtsdte
Plincoms.

ROCYY MOUNTAIN SRCTION I



-

Eos vol. 67. No. 16, April 22, 1986

ianortant for the Latargretation of viwrational speotrs,
the Jreciction of dynABICS when SoBctral dats are
LaoRing, EStErSINING PRASE transitien Secnaniams (e.4..
soft-aoge WNAvier), And :Ne sevelopment of
thersoeranical 000818, TREFS ASTE S8 NuRerous
sinersiogioal aosiications f the lattiee~eynamiesl
sathoas seveloped originally Per Slmple lonie orystals.
These estneds involve the ute of 1he ASrWONIS o
uaSINereont S APOroRISETIen with rigld, sphertcal Lons
that iatersct via long rangs Coulmss snd short-rangs
Sainly repuisivel terts. TRIS SPP8 of eodel Nas Deen
.8aroved By various schenas thst Felas the'sprerical
F1ELA=10N APPrORLEALIOA ARG/ 6P LALPOGUOR SNAANSONLE
affects. These extensians generAlly Latroauee an
aucessive number of Pree carmReters. Consiseradls
sdvances (M tRe 71eld "ave oeen BI3S OY Pecent
2irst-princioles calcoulations of ihe spprooei s
interactions. TRese cAiculations IFIvide [E8por
23ALFAIALE ON the JarWeters, Jut sors ugnil tl e,
SRey DPOVIZe 8 test X <oy ABSUEBLIOND LN NGBS WAL,
SUCR 33 TNOSE CONCOrNINg the CRIFActer 3F he crarge
atatrioution 1N the arystal. The eurrent _ovel of treory
11 808t agcurates ror clased=shell tona. ane legortant
appiicetions are round forf SNases LA the systa
hﬂ-'ﬁ-::‘o ~3$10,. ™e role of anAsrSORicitY Ser be
ascertal y zalisaring various percurdetive
corrections £ the narsdonie spprosimation or (sare
directly) By SOEpAriAg tRE resuits of soleculsr aynamice
ang Monts Carls sisulstlons. T e arospsct for
theoretical teeataant of the aynamisal srogertles of
ecsal (1.9., 1:i30rdered) einerals L3 enhances by sgvances
in calputational sethods. BOTR 00wrate caloulations of
the poteatisls s sidulation of large, soaples
sLructres are theredy Josstisle.

Fault Kinematics and Dynamics
Room 305 Mon AM

Presider, ]. Rundle

Sandia National Laboratory

R. Bilham

LDGO

ne-aw B
Koamaic Anatvns of Fauit-sin Oata
SBANDALL MARBETY (Cepartment of Gaologeal Scences,

Comen Ursveraty, thaca. New York 148531

Fault-sip Gats 4% pOWeriul NEMEDC INCCRIOMN DICEUNS
faults w GROrMed MQONS T SREN HENENIYE & 1Y WCTONC
SCRIS. INSEDSNTERM QECIOGIC ETRaNg CON often B8 uBed 10
GsUnQUIS AMONG faults of ASUNCt gvents. and rotational
S19CIS ERS0GHTEC WHN NON-CORGE BHIOMAEon Can D8
SOYIESC With TaUR-S30 GEEA. ANaiySiS of feull-sl0 data
{consmming of urkt taurt Diane nonTgl and slip drecoon
YOCIOrs A And 8 FESDECTYEYY) Dy WVerRon of gna SaaTh
1OCHNQUES UBING e FBI0WNG QUADON sids an
INSUAITENSOLS GOISrMENon Ienedr (Tv) descnding the
I0Nal IUNEMADCS of the tauR-Sio Proceds:

v Wen-(ne¥vonin

iGEnRCEl 1 10 10 118 SAURTON UBAS M DIEVIOUS SyName
memoon of tauR-sin SNy, NOwever & difers in it he
SORIDON WNPOP 1§ NOL CONBLTRNGA 10 D8 symmetrc. The
SEymmetry 0f § GRICIMATON IKNE0r grved &t MOre degrees of
1ee00m than & SUreds tBNE0r 50 N MeUlts AVe ower
RKANOAI GEvEnons. AN of the asymwnetry of ¢
GeIMEnon 18rE0r Provides & GeNCrOton ¢f wmple

Magnrde of any one ANOrMalion Mk DIFRMENS CONBLrNIN
e Magreuce ¢f 1he NSIAANEoUS SHOMEICH 1BASOr.

nee 8w

A geodetic test for ihe local s!B vector en creeping
sactions of the San Andress fauit Ia centrel
Calitornia

Kenneth Muret

Lamont Oohenty Geological Observatory, Palisaces. NY
10984, * aiso Dept. of Geologica! Sciences. Columteg
University

A § 3809 GSCRpANCY eSS DETween the Mmean sinks of
ms San Ancreas Fautt 1n cemral CRiforma 8na 1N ferred
piate si0 vecwdr genved frum glooa! glats mauons. The
inferved fauR normal shortemng ACTOSS the San Ancreas

358

1 777

Fystem grien this CONVErQENCE vector IS =8 Mavs. & vaks that
is conceresd 100 Wge oM g conuaeration of geciogical
evisancs.

e Nave ENalySed the Cresping SECTSN of the faut es &
COMgUOUS SAAUENCS of SITagNt segmems.  The stake and
SO N SACR AgMEM 878 USAC 10 COMDULE CONVErgEnce

.

Scott & KosCh baum
(9%6°

TS 093w

LIFDUTICS Of ROTATIONS .
HOS W (Cespnveics Jepc. Staafers Untversity,
itaaterd. Califernta 34303)
HAGAL 80 AND OUKA SCOTTI (Becn ac: Geophysics dewt.,
[{ ity, Stamferd, Callferuis 94)03)

or avergencs 10 the seg for [
regors p vectors. Thess esumates of fauk-normat
aspiacements I8 hen cOMearsa 10 observanans of faull
SIRN oM SN0 DESSNE (=1-5 km a0ErIre) (AUR CroSsing
Mmealuremens Maoe by the US Gecnogical Survey in the ast
eca0e.

NOISS in e RIS ENG UNCE/TNDES I the waath of the fault
2ONE Dravert &N aCCUTRIE SSIMancn of the ©CS! $40 veCOr.
The geocenc datg contrm ihat transtensional and
raNSOrEESIONa) OrOCESSES &8 ACtve 10 & Qrealer Or ‘essar
oxtent n gl segments. 1he largest rANSIENEIOND) vEiues
occur @ Parkiied. A surDnsing resut of the Study 8 that
Measured SIONG-MAUR ANG &CTORS-MEUL SITRIN rETES SXCNC 4
WRTEVE & TIree I0CRDONS.

T3 050w
e 2atcn Woael for Rarthquawes, ang the Passidiitey of
ngerves Cuantitles [ Suit in,

JONE_8. RUNDLE (Sencia Natiensl Lsdersteries,

Slbquereue, W §7183)

MINCO RASMORI (Setemological Lsboratsry, Callfernis
[nstitute of Technology. Passdens, CA #1125

¥e s0dress the srodles of esnstitutive lavs fer siip
on fault aurfaces. [A perticuler, we prosese the
RYpothesis that faults are ande wp of Patanes (liwe the
patones on a patchworn quilt) escn ef whion 8lips s &
conerent unit Guring largt eartnquares. Norgaver, slilp
SA 28R paten Ls governed O3 the preperty thst the
3014 stress~@res on that paten L a constent Cor sll
events wnicn invoive the paten. Thus. both the atatie
stress=arop and the ares of each paten can W regarded
as zonsarved quantities. [t oen easily be ShOWR hat
the oSNt produced By alip on & given set of patches
depends aot only on cne value of the psten constants.
Byt al80 upon the smount Of tesdorsl everlad of alie
that the varisus satones disslay €uring the event.
Thus the mzisus soment Feleass oceurs when sll catches
slip esmaetly sisultanscusly, while the ainisus ocours
when 311p of the satches 1s entirely sequentisl Ln
tise. Ve sEplore these itdeas By use of amn In-
nouogeneous Csult Eodel develosed sarlier, sne employ
thes %6 analyse the '904, 1982, 1938, ane '97Y
Colompia=£ osr

TRls vorv was sutperced by tne U.S. Oepartment af
789

[¢] 1 Amse Bur)

Is 487 strile~eiip tectouis settisgs. largs retst-
lous (up te 100 ¢ag) sl crustal Blacke have beet
isterred frem palossagnetit dsca. These blecks are
bounged by sets of parailel faults. which accommndste
the celative EEEiON Datween Che blocss &8 veglenal
defocuation pregrevses. S10le geswscrrical fonsldesac-
(ons require that the fauits ausc alee retsts. la tils
20p8T Ve anow thAt SR the 9asis of mychaaical comsid-
acions, the sapust of fauit rOCSCies POTRISStbLS under
o atattonary screse (1old Lo Lisiced to 20 co 43 deg.
Congaquantly, DLOCR retatisms which ste larger thas
40 of 43 ¢eg Teuuive enre tham ous oot of accousanyisg
foults te sccommodats ths Blees recation. Lxamples of
aueh wiiltiple sats with &0 €0 43 dag Setvedas ham, @
peedicteod ¥y che @Ddsl, wure recogaissd ia Siseam.
traa. 1o Verisgcen. and the Laks Nasd scass, Uevuas,
aot L8 Soucaers Callfsrais.

M0 06w

P _PACT TI08
Bt i M
$ ord, Calil [ 2]

ATILLA ATOLE (Bast. of G 1
Vest lLafavetts, ladtase 47%07)

ANDE WL (G ies Oept. 2
Sumterd, Californis 90%03)
(Spousar: Gagal Lew)

Serika~ollp foults iz tha Sasis and Renge Proviass
ace sften emasidared o passive Douadsries Sacween
differuscially o¢ whevealy extendat domsias #C Wighly
tilted meranl foults, and are chereflers secandary and
@8 ast acesmmsdate fegionsl herissutsl shear dsferusc
Len.

Palesaagaacic tavestigation of 12 w.v. old wiceie
tecks frem the laft-letersl chasr sens of Lake fead,
Wevads, show thst) {8) us sigalflesst otrwerursl tilt
has escurred ere, vich ¢iffermnes bacvesa sbsorved
asd exvected laciisatics of suly <0.0%: (V) the dscs
fladtents a etguificsat !
& versical axis of 27.1°. This retacion was sccAmECds~
tod by olip ou g set of che W right-lscaral ecrike~
alip foults, and implies VWV elougscies by & fester
of 1.1).

The Tesules tmsly that tha ecrika~elip faultiag 1s
the primary for the 1 of 1
deforvation is che Laks Wead shaar ssed, ead that it
Ls sorwal faultiag which to secvadary. Is view of
siailer bits of daca Crem other parte of the Bests
ead fouga, the Tesults siso stremgly suggest that
strike=elip leulting miy RSVe the sane SoRisascs ia
other parts of che Basia and Riage Previace.

~-1111~

THC-O8  O51Sw
& Baided g8 Katisats st Raniscanca Bazas &
Lraastars Casiia

RGN CIXE (Bapartmest of Geslegical oad Goo~
pazsiesl Bsisncss, Priscetss Buiversity. Prisse~
ten. B 00344}

% Wve davelepet 3 Wthed e estimate e
tesrstmas fotse st tramsferm famice. s eur
astel. the sesenis Litheesh is dered o8 &
brattls layer evur 8 dustile layer, and S2a Gwua~
Gary between Shise theslegioe is dutiasd ¥y -
wethare dazived frem s haif-spase sosliang wpdal.
a2 o crensfesru fanit. wn suggset that amet of the
7100100 aseurs ia the sTes whare the w8 Bristis
layets sontest. Us ses this sotimute a5 & lewmr
venad to ths feal tocal friatise sisse resrstamse
ssours Sotwnen duatila lagers alee.

to apply Presies’s fristiss low., ® asdam
atreee nid don (d.0..
7118 4opts) at the tramstorws. Tiis wsdal
sifformme fyem the previsns usdele siish euly
consrared & S0RALAST sheAr SLPese ot all devee.
The sstimited everage Criscise par sait leagsh o
liscasly pregertionsl 1o the loagth of tressfeorn
b Ly prepe L to tha sate.
A8 ABsresse \8 leegih of tressfera WMiil Lasrodde
the sverage thisassesa of the VEiItEia Blate amd
aloe the despest part of the plite sitributas
wied wre (risties. thevefors wuld ssuse &8
\icreass (a tha tetal fristiss. Ou the ethas
Mand. @ i8sTease 1A Opresdiag rete weid
doscease tha aeversge thiakaese aNi canese o
#sstesse s ke cotal fristiss. Per & cryreal
large tranefors with L2100 Wu. sad & 3lew opread-
sag rata of Ool) mwyr. the sverage (rieges par
mecer leagth of tha creasforn is I.fal /e,
Thi® 18 campazsble te¢ the ridga-pusaing ferce
(1.8010° 8/u for 80 m.7. s1¢ seeasis plate). Sar
asdsl prediess that the age sadTgy ¢3 of
par amt leagsh o6 tha trmstern 08 liaaazip pye-
portionsl to she trenafers leagth.

This page may be freelv copied.

e 1w
CVIORICT OF ECTATION ABOUT & VERTICAL AXIS DURISC
CITINSI08 AT TOCCA WOGNTALN, SOUTXIRN SEYAD4

scorer, 8. 8., sed SOSKMBAIN, J. G. (U.5. Gsalegical
Survey, bom 23068, fedarel Qaster, Dewver, OO 10123)

Yuces Mevatata (YN) ceasiots ol esst-dippiag #CTuc~
tural Slecks Seuaied by asjer wet~dioping. higW-angle
sornsl fouits that offest strats aure thoa 00 8. (8
[ 1. each Sloch T _SORN0: & WNSLArD Sens
with geatiy dippiag esrace (5~20") and fov foults. and
o8 Sastors sene With steepsr dippimg Strete amd shua-
daat wuec-dlgping, Migh-eagie, ledricate mavasl foulics
haviag less thas 10 ® of offeet, Prus SSTth I8 Souths
over I3 Wu, labricata laulld Lacreads IS BmMet, sum-
lative puis offoas eastwars dips of
scraca lacresse sbout 0%, and d3pe of Asjec esrmal
Coults éectases sbout 10°. Mmmassac decilaaciesa of
tha waléss Tive Casyen fashir of tha Pelachrush Teft
(13 Na), corrsctad for structural tilt aduwt Narissacal
amse, dispiay progroseively grester alecsmiss [ 387
stiens frem sorth €4 seuth. Milstive t4 Che eerthars
ont ot L, the southere eal Sppeers ¢4 ba recated
clecavise sheut @ vertissl smis. The strites of
asjer serusl fouite Deusding T strettuaral hlecks v
boes rotated correspondingly. Mth structural el
tioes 40d the paiscaagsetis ¢ata Ladisste lacreseus [T
the cegtes of sstenslen and wertical aRie cecation
tosare tha seuttars ond of UL,

fagiesal tectsaic frmmwert and lecal etructeral gee~
Betty suggest thit oRTansien test slace o8 detachume
streceutes uader OX. (s 1983, Mlorim taldesste ro-
ported CAst easc~digptag TWrtiary scrsts afe t(rumcacad
b7 tlat-Lying estachmant fsuite obwve Sylesitiasd
gwise is the Bullfeeg Wille, 13 W weet of B. Upper
plece Tartiary tufle sweriie lewar plets Mulsessts
rocks serch of Mave- Moumcais 13 s to the wast. Opper
Plate structures is ThEse 97848 SHER €8 B4 cwmtitueve
with ast stailer te otructures ta Tartisry fsens ot
™, T wador ™ sanly fere
serfaces ou wAlgh tER structersl recsiles tser place @8
concaptusily espresesd by §. C. surenfiel La 19%3.




Chemical Evidence of Preferred Water Flow Paths in
Unsaturated Fractured Tuffs, Yucca Mountain, Nevada

I. C. Yangl

Abstract

Pore fluids were extracted from cores of unsaturated tuff in a borehole
from Yucca Mountain, Nevada, using tfiaxial compression and high~-speed cent-
rifugation methods. Chemical analyses for major cations and anions indicated
no substantial difference in pore-fluids chemistry extracted by these two
methods. The tritium log ir the borehole indicated a tritium activity of
about 20 Tritium Unitsz (T.U.) at & depth of 1 m; activity decreased to zero
T.U. at 12 m, increased to 20 T.U. irn the interval 35 to 45 m, and increased
to 40 T,U. at;d{about S0 n. This profile inversion from 12 m to 50 m depth
may indicate that water at 50 m did not percolate vertically frem the alluvium
directly above, but rather may indicate a rapid flow of recent water through
fractures or non~vertical, high-angle to lateral flow paths or both. Such flow
paths were predicted by Montazer and Wilson (1984)3 in their conceptual model.
This conclusion is further supported by major-ion concentrations of the pore
fluids from this borehole which did not show progressive increases in concen-
trations with increasing depth in the upper 100 m. Asguming uniform mineral
compositions of the tuff, longer water-rock contact time may result in larger
concentrations. The smaller chemical concentraticns in water at greater depth
compared with larger concentrations at a shalloﬁer depth would indicate &

relatively-fast travel time from non-vertical flow patl’ or a pericd of intense

184 &
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recharge events at the site in the past. The large tritium concentration at
deeper depth would be the result of fast travel time instead of the result of

intense recharge in the past.

1 U.S. Geological Survey, MS 421, Denver, Colorado 80225.

2 1 T.U. is equivalent to a comcentration of 1 tritium atom in 1018 hydrogen
atoms.
3 Montazer, Parviz, and Wilsom, W. E., 1984, Conceptual hydrologic model of

flow in the unsaturated zone,Yucca Mountaim, Nevada: Water-Resources

Investigations Report 84-4345, 55p.
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Ralph Stein, Director, Engineering and Geotechnology Division, Geologic
Repositories HQ (RW-23) FORS

RESPONSE TO BROOKHAVEN NATIONAL LABORATORY (BNL) LETTER CONCERNING NEVADA
NUCLEAR VASTE STORAGE INVESTIGATIONS (NNWSI) PROJECT LICENSING STRATEGY
(REFERENCE WMPO ACTION ITEM #88-853) .

Reference: Letter, Schweitzer to Steih, dtd. 11/6/87

This letter represents a restatement, incorporating vider project input, of our
previously transmitted letter, WMPO:DEL-762, dated December 28, 1987,
responding to the referenced BNL letter of November 6, 1987 (enclosure 1). The
NNUSI Project technical staff continues to disagree with the rationale,
interpretation, and logic of the BNL letter. These disagreements are outlined
in Enclosure 2. Detailed reasons and explanations for NNWSI disagreement are
discussed on a point-by-point basis in Enclosure 3.

The BNL letter is based upon what we feel is a limited and incomplete
perspective concerning calcite and opaline silica deposits located along faults
near Yucca Mountain and the potential for hydrothermal activity. The letter
also contains statements indicating a lack of information and understanding on
the part of BNL concerning the NNWSI Project licensing strategy. The NNWSI
Project does not agree with the BNL recommendations as they are not based on
complete information and current interpretations.

The Waste Management Project Office (WMPO) recommends that appropriate

- U.S. Department of Energy, WMPO and Headquarters staff meet in Las Vegas during
March for collegial discussions to provide the appropriate BNL staff the
opportunity to understand the NNWSI Project licensing strategy, project plans,
and scientific information available to the project. At that time, the NNWSI
Project will be pleased to respond to any constructive critiques and
recommendations BNL should present, and incorporate those ideas into the
project plans. Please contact either Donald E. Livingston, WMPO, FTS 575-8944,
or U-Sun Park, Science Applications International Corporation, 702-733-9958, to
make arrangements for this meeting. The NNWSI Project is fully confident that
the present reseaech plans and strategies are sound, technically feasible, and
provide a high level of confidence in the licensing strategy.

B

Carl P. Gertz, Project Manager
WMPO:MBB-1106 Vaste Management Project Office

Enclosures:

1. Ltr. 11/6/87 Schwveitzer to Stein
2. Point-by-Point Outline Response
3. Response to Letter dated 11/6/87

S100°80Z088°VNN
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Point by Point Outlined Response to the November 6, 1987
letter from D. G. Schweitzer to Ralph Stein

NNWSI Project

Comment Number

Found on

Enclosure 1 Qutlined Response

1 References that are cited in the November 6th letter do not
represent a "significant quantity of independent and con-
sistent information.” References cited are used out of
context and/or are administrative documents that do not
reflect the scientific knovledge of the NNWSI Project.
Further details are provided in Enclosure 3 (Section 2.1).

2 The central philosophy of the NNWSI licensing strategy is
to rely on the engineered barrier system performance under
the unsaturated site conditions. The site is expected to
remain unsaturated for the next 10,000 years and no infor-
mation has been presented in the November 6 letter which
contradicts this central philosophy (see Section 4.1 in
Enclosure 3).

3 This quotation is from an outdated draft document which
does not represent the current NNWSI Project position.
Licensing strategy that relies on a limited amount of water
available to contact the waste package is only a partial
component of the overall strategy. The NNWSI Project waste
package compliance strategy also relies on other components
such as the waste form, the waste container, and the engi-
neered environment. Performance of these major components
in turn is supported by many subcomponents including the
spent fuel cladding, solubility limits, leach rate, thermal
field, airgap in conjunction with high matric potential
(i.e., vater does not cross over the airgap between the
vaste package and the borehole due to capillary effect),

.etc. Therefore, the partial reliance in the vaste package
performance strategy of a limited amount of water is a
technically defensible strategy with the current under-
standing of the site (see Section 4.2, in Enclosure 3).

4 The NNVSI Project has not been trying to identify the
origin of these deposits since the early 1980's. Serious
work and recognition of potential licensing implications
vas not recognized until 1985 at NNWSI Project staff

ExCLOSuRE 2
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initiation. It is not the strategy of the NNVSI Project to
absolutely identify the origin of these deposits, but to
learn if they have any significance at repository depths
under anticipated conditions (see Comment 5). Further
details are provided in Enclosure 3 (Sections 2.1 and 2.2).

It is not the purpose or strategy of the NNWSI Project to
absolutely determine the origin of the calcite and opaline
silica deposits. Although an understanding of the exact
mode of origin would be beneficial, it is not necessary for
licensing concerns. For licensing concerns & knowledge,
within limits, of the nature and amounts of fluid involved
for anticipated events is a major aspect of this concern.
In addition, the recurrence interval of events, the age of
the deposits, and the consequences of a particular origin
on isolation and containment are important concerns in
licensing strategy that the November 6 letter has not
acknowledged. Further details are provided in Enclosure 3
(Sections 2.1 and 2.2).

See Comments 4 and 5 above. Only two origins are discussed
in the November 6 letter, in contrast the NNWSI Project is
considering several working hypotheses including: a pedo-
genic, hydrothermal, seismic pumping, cold spring, or com-
bination of the above hypotheses. Further details are
provided in Enclosure 3 (Sections 2.1 and 2.2).

It is not the intent of the NNWSI Project to center its
research program on a "great deal of publicity.™ The NNVSI
Project does not intend to base its licensing strategy on
the amount of publicity a topic receives, but on careful
technical data analysis and judgment. Further details can
be found in Enclosure 3} (Section 5.0). In addition, the
documents cited here are non-technical documents (e.g.,
Nevada Nuclear Vaste News), administrative documents (e.g.,
GAO Reports), or out of date (e.g., NRC comments on the
EAs).

As pointed out in the response to Comments 4 and 5, it is
not necessary to absolutely identify the origin of the
deposits in question. The November 6 letter overemphasizes
the length of time under which these deposits have been
under scrutiny and the licensing implications of these
deposits. Detailed work, analysis, and publication may
take up to 30 to 39 months, but the NNWSI Project believes
the work can be accomplished in an earlier timeframe and
that the work will resolve the issue or allov the Project
to address any licensing concerns. Further details
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concerning these comments can be found in Enclosure 3
(Section 2.1).

It is the opinion of the NNVWSI Project that the November 6
letter vas overstated and exaggerated the potential for
hydrothermal activity. (Also see Enclosure 3 (Section 3.0)
and responses to Comments 10 and 12). At the site, (1) the
only known occurrence of hydrothermal activity is 11
million years old (low recurrence interval), (2) the
present day down-hole temperatures are low, and (3) the
calculated heat flows for Yucca Mountain are low, thus the
potential for future hydrothermal activity is lov (i.e., an
unanticipated event).

It is not a correct statement that the consequences of the
deposits in question as "originating through pedogenic
processes have been mentioned only superficially in these
workshops."” The possible origins and licensing
consequences have been discussed at great length by the
Project. In addition, a pedogenic origin is the present
USGS working hypothesis because all available data is
consistent with this model (see Sections 2.1 and 2.3 of
Enclosure 3).

This statement “"substantial quantities of water may be
involved" is misquoted. The statement was extracted from
the February 28, 1986 workshop in which the possible
regulatory implications of the deposits in question vas
presented to the investigators involved. It was not a
statement of fact. (See Sections 2.1 and 2.2 of Enclosure
3).

Again the potential for hydrothermal activity is overstated
and exaggerated (see Enclosure 3, Section 3.0 and responses
to 9, 10). 1In addition, the statement on why the Wahmonie
Site was eliminated from consideration as a repository site
is incorrect. The statement quoted is from the draft EA )
and does not appear in the final EA because of a lack of
referenceable sources and the lack of scientific support.
(See Section 3.2 in Enclosure 3).

The NNWSI Project is confident that it has acknowledged any
areas of concern to its licensing strategy in the Consulta-
tion Draft SCP. Detailed and full analysis of the present
data base on the calcite-silica deposits was not available
at the time the Consultation Draft SCP was frozen. Further
detailed study is planned by the Project (see Enclosure 3,
Sections 2.2 and 3.2). Information that was available can
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be found in Section 1.2.2.2.10 of the Consultation Draft
SCP and further details are available from the workshops,
peer reviev, and will become available in a NNWSI
publication and in the Study Plans (Study 8.3.1.5.2.1,
Characteriza;ion of Quaternary Regional Hydrology, Activity
8.3.1.5.2.1.5).

Regardless of the origin of the calcite and opaline-silica
deposits located in the trench 14, based on presently
available data, the site is expected to remain unsaturated
for over 10,000 years. Any processes or events that vill
make the site saturated are unanticipated. Thus, under the
expected unsaturated site conditions, the amount of wvater
available to contact the waste package is very small, and
the current waste package design basis is already
conservative and is technically defensible. (See Section
4.2 in Enclosure 3).

No credible connection is made in the November 6 letter
between the calcite and opaline silica deposits and the
10,000 year containment. 10 CFR 60.113 requires the wvaste
package and the EBS to be designed for anticipated proces-
ses and events; and hydrothermal activity is not an anti-
cipated process or event at the Yucca Mountain site based
upon & considerable amount of data. Hence, the 10,000 year
containment is neither required nor desirable (see Sections
3 and 4 in Enclosure 3).

See Point 3 above. In addition, the quoted "recent highly
publicized events" has not changed any design basis for the
EBS, nor affects the NNWSI licensing strategy. The Project
does not intend tc base its licensing strategy on the
amount of publicity a topic receives, but on careful tech-
nical data analysis and judgment (see Section 4.2 in Enclo-
sure 3).



Response To November 6, 1987, Letter
From Donald G. Schweitzer to Ralph Stein

1.0 Introduction

The NNWSI Project disagrees with the rationale, interpretation, and logic of
the November 6th letter for reasons discussed in this enclosure. The
analysis and conclusions reached in the November 6th letter are based on a
misunderstanding of the current information, the use of existing information
out of the context in which it was provided, the citation of administrative
documents as scientific sources, and an unfamiliarity with a substantial body
of literature that was not apparently considered in the analysis. The NNWSI
Project is fully confident that our waste package licensing strategies, Site
Characterization Flan (SCP), other plans, and research strategies are techni-
cally sound and lead to a total program that accounts for and has considered
in depth the expressed concerns in the November 6th letter.

The folloving discussion is organized into this introduction, a point by point
response to the statements made in the November 6th letter, and a summary.

The response section responds to comments of the November 6th letter that are
numbered on enclosure 1. Where appropriate, the responses include information
concerning the Project’s current status of activities, planned vork, an his-
torical perspective, and citation of references. In addition, the response
section is structured on the topics discussed in the November 6th letter of
increasing level of importance to the NNVWSI Project licensing strategy. Thus,
the response section sequentially addresses specific concerns centering around
the (1) calcite and opaline silica deposits (hydrogenic deposits) located
along faults in the area of Yucca Mountain, (2) the potential for hydrothermal
activity at the Yucca Mountain site, and hence, (3) the waste package licens-
ing strategy.

2.0 Calcite and Opaline Silica Deposits (Hydrogenic Deposits) Located Along
Faults

2.1 Chronology of Events

The November 6th letter states (Comments 4, 5) "Ever since the early 1980's,
NNVSI, DOE-WMPO, NRC, USGS, SAIC, Los Alamos, Sandia, State of Nevada repre-
sentatives, and DOF Headquarters staff have been involved in trying to
identify the origin of the calcite-silica deposits in a trench located between
the east slope of Yucca Mountain and Exile Hill which cross-cuts the Bow Ridge
fault."

Furthermore, it is stated (Comment 6) "From 1984 to the present, a series of
wvorkshops and reviews have not been able to determine whether the deposit was
formed from surface water running down (pedogenic), or springwater ascending
(hydrothermal).” These comments are discussed in this section and other
sections,

ENCLOSURE
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The chronology of events discussed above leading up to the Projects detailed
analysis of concerns related to deposits located along faults is not correct
and implies that the Project has not applied the appropriate level of detail
or amount of analysis upon these concerns. Ve believe that the letter has
considerably overstated the duration and intensity of studies (Comments 4, S,
6, 8) concerning the calcite and opaline silica deposits located in trench 14.
Initial mapping of the trench walls wvas indeed done in the early 1980's with
the interpretation that the calcite and opaline silica represented accumula-
tions in the near surface soil and rock from the infiltrating water. The
first suggestion of other possible origins, including a hydrothermal origin,
wvas made by NNUSI staff in September of 1984. The full extent of the deposits
located in trench 14 along the Bow Ridge Fault was not known until 1985 when
the trench was deepened because of this NNWSI Project staff initiation. The
possible implications of these deposits were not fully developed until 1985
~and, therefore, the debate on this trench has not been ongoing since the
“early 1980’'s."

In 1965 the possible geologic implications of these deposits were discussed by
a wide range of personnel possessing expertise in a variety of geologic

. specialties (Biddison, 1985), and it wvas determined that the Project would be
best served by initiating a workshop with a wide range of experts to gauge and
resolve the possible licensing implications. In February of 1986, a workshop
vas held (Voegele, 1986a) with over twenty technical participants to debate
.possible origins, present the available information, and begin to establish a
program that would address the concerns which had been discussed. An addi-
tional workshop (Voegele, 1986b) was held in April of 1986, again with over
tventy technical participants, to formalize the present knowledge, plan future
research, and discuss the licensing implications.

As a result of these workshops, it was determined that plans developed to
study the calcite and opaline silica deposits (hydrogenic deposits) should
incorporate two fundamental guidelines (Voegele, 1986a, 1986b):

a) The NNWSI Project plans would give credence to all hypotheses (multiple
hypotheses) relating to the origin of the trench 14 and similar deposits so
as not to bias the outcome.

b) An external Peer Review Panel would be formed to critique the proposed
plans and offer additional expertise.

Nuclear Regulatory Commission (NRC) comments on the final Environmental
Assessment (EA) concerning the deposits of calcite and opaline silica were
received in December of 1986 (Browning, 1986) after the NRC attendance at
vorkshops. A formal proposal of work was drafted by the United States
Geological Survey (USGS) and Los Alamos National Laboratory (LANL), and
submitted for peer review in March, and forwarded to the Peer Review Panel in
May (Blanchard, 1987a).

To ensure that the planned research would resolve our technical and licensing
questions, an external Peer Review staffed by recognized experts of stature
was held in May of 1987 upon completion of this technical proposal. Thus, the
purpose of the Peer Review Panel meeting was not to identify "the source of
the deposit" as implied in the November 6th letter (Comments 5, 6, 8).
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Although an understanding of the exact mode of origin would be beneficial, it
is not necessary for licensing concerns. The November 6th letter incorrectly
places the emphasis on the origin of these deposits when for licensing
arguments all that is required is a knovledge, within limits, of the nature
and amounts of fluid involved in anticipated events. The Project is fully
confident that limits on the nature and amounts of fluid involved for
anticipated events can be bounded by the work being planned. This information
can then be assessed in the waste package strategy which is considered to be
conservative (See Section 4.0) and evaluated for other performance assessment
concerns.

The Peer Reviev Panel made many recommendations (Hanson, 1987) to the Project,
some of which are discussed in sections presented below. The earlier work-
shops and the Peer Review were conducted without bias toward any specific
origin (Section 2.2.2). This has apparently led to the mistaken impression
expressed in the November 6th letter (Comments 1, 13, 14) that the NNVSI
Project has no clearly defined approaches to resolving regulatory questions
with a high degree of confidence. The waste package strategy germane to the
November 6th letter is discussed in Section 4.0. Finally, no nev concerns or
ideas on the implications of the calcite and opaline silica deposits (hydro-
genic deposits) that have not been considered and evaluated by the Project in
detail vere raised by the November 6th letter.

The NNWSI Project does not agree that a significant quantity of information
has been presented in this letter (Comment 1) which contradicts licensing
strategy (see Sections 2.0, 3.0, and 4.0). The claim that the information
presented in the letter is "independent and consistent" is unsubstantiated by
the references cited in the letter (Comment 7). Use of the references in this
letter has been selectively biased and does not take into account the
chronoleogy of events as described in this section. Furthermore, many of the
references cited are non-technical or administrative documents. For example,
this includes the Nevada Nuclear Vaste Newsletters and GAO reports. As stated
in the sections below, the NNWSI Project is confident about its present
licensing strategy based upon the presently available scientific information.

2.2.1 Origin of Deposits

The November 6th letter implies that only two different origins are possible
for calcite and opaline silica deposits (hydrogenic deposits) (Comment 4)

when several different origins are being considered, and these include a
pedogenic origin (downward flux of infiltrating water), a cold spring origin,
a hydrothermal origin, a seismic pumping origin, and combinations of the above
origins (Voegele, 1986 a,b). It should be recognized that determination of
modes of origin does not necessarily yield information about potential
conditions at repository depth. Conversely, other data concerning the deposits
may yield information on conditions expected at repository depth without
defining a unique origin. All possible origins were considered in the
vorkshops (Voegele, 1986 a,b) and in the peer review (Blanchard, 1987a;
Hanson, 1987). None of these origins or mechanisms are presently considered
as anticipated events except the infiltration of surface water which may be
concentrated along conduits (faults and fractures) (Consultation Draft SCP,
1988).
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On page 2 of the November 6th letter (Comment 11) the quote "substantial
quantities of water may be involved" extracted from the February 28, 1986
vorkshop (Voegele, 1986ea) is misused in the context of the presentation made
by Max Blanchard (DOE/WMPO). The presentation was intended to describe
possible regulatory implications to the technical staff present if substantial
quantities of vater vere involved (Voegele, 1986a). Thus, it has not "been
recognized that even under the most favorable conditions of origin (i.e.,
surface water running down), "substantial quantities of water may be involved"
(Comment 12). Further, as stated above, the volume of fluid per year is
considered to be lowv and accounted for in our waste package licensing strategy
(Section 4.0). A consideration of the volume of fluids involved is being
planned (Section 2.1) (Blanchard, 1987a,b; Voegele, 1987c).

In addition, the calcite and opaline silica deposits (hydrogenic deposits)
located in trench 14 occur in a valley that is over a kilometer away (Swadley
and Hoover, 1983) from the proposed repository and may actuallv divert vater
avay from the repository along this or other major faults whic: occur in
valleys. Present waste package strategy is conservative enough that a pedo-
genic or seismic pumping mechanism can likely be accommodated (See Section
4.0) even under the unlikely condition that further information indicates they
are anticipated events. A seismic pumping (water movement initiated from the
wvater table as a result of faulting) or a pedogenic origin are not thought to
represent a severe hazard to the functioning of a repository because such
origins would involve a episodic, likely low-volume, and brief flux of water
from depth or above, respectively. The banded nature of these deposits
(Voegele, 1986a, 1986b; Blanchard, 1987a) is compatible with this conclusion.
A cold spring origin is not an anticipated event because known spring activity
in the area is believed to be Pliocene in age based upon their stratigraphic
relationships (Svadley and Carr, 1987). Hydrothermal activity (Section 3.0)
is not an anticipated event because the present thermal regime at Yucca
Mountain is low, known hydrothermal events are old and likely related to 11
m.y. old volcanism, and thus, the expected recurrence intervals of hydro-
thermal activity are extremely long (Stuckless and Mattson, 1987).

Futhermore, the November 6th letter oversimplifies the possible origins (Com-
ments 4, 10, 11, 14) of the deposits because several different depositional
events are recognized in trench 14 including: (1) older depositional phases
consisting of silica cemented breccia and druzy quartz emplacement are reason-
ably interpreted to be of hydrothermal origin or related to the original time
period of deposition of the tuff units (See Section 3.0 for status of this
origin) and (2) younger calcite and opaline silica veining common to faults in
the Basin and Range for which a pedogenic origin has generally been assumed
(Blanchard, 1987a; Hanson, 1987). To evaluate the different implications of
these models, the Peer Review Panel recommended a sequence of studies to be
performed with evaluation points to determine if further research was neces-
sary. These studies were to consist initially of field mapping and detailed
paragenesis and age determinations. Data related to these areas of study are
available and are continuing. The Peer Review Panel recommended that "If the
veins are young (ie., less than 100,000 years old), a more complete study,
including mineralogy; fluid inclusions; major, minor, and trace element;
tracer isotopes studies will be required. If the veins are old (i.e., greater
than 100,000 years) and formed from cold waters, no further studies may be
warranted."
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Preliminary information presented at the Peer Review meeting (Voegele, 1987)
is most consistent with a pedogenic origin of the vein deposits in trench 14
(see Comment 10), although other low temperature origins are being considered
because of the preliminary nature of the data base. Information presented at
the peer reviev indicates that these deposits were formed at temperatures less
than 30 degrees celcius and that a preliminary radiometric age is greater than
350,000 years before present. The deposits age or the expected recurrence
interval of the processes or events vhich lead to the deposition of the
deposits are (1) likely of such length that their recurrence is unanticipated,
or (2) that the deposits formed over such a long period of time that the
amount of water involved per unit time would be very small. Ongoing activi-
ties will refine the temperatures of formation and clarify the geochronology
of these deposits.

In addition, the Quaternary stratigraphy may place bounds on the age of the
deposits because the deposits appear to be truncated by the overlying alluvium
(Taylor and Huckins, 1986). If detailed studies confirm this or an older age,
the deposits will have little or no bearing on expected future conditions
regardless of origin. This fact has not been acknowledged by the November 6th
letter (see Comments 9, 10, 11, 13, 14) which vastly overstates the technical
concerns. Finally, the only substantiated direction of transport in these
fault zones is in a downward direction based upon the presence of basaltic ash
in the deposits that only could be present due to downward transport (Taylor
and Huckins, 1986; Voegele, 1986b). A variety of technical information is
planned to be obtained in the future will further illucidate questions
concerning these deposits. This includes the study plans that are being
prepared in accordance with the guidance of the Peer Review Panel (Study
8.3.1.5.2, Characterization Under Activity 8.3.1.5.2.1.5).

3.0 Hydrothermal Activity

3.1 Past and Present Thermal Regime at Yucca Mountain

The November 6th letter implies that the potential for future hydrothermal
activity (Comments 6, 9, 10, 11) is a likely or anticipated event. Correctly,
if hydrothermal activity was considered to be likely (see Comment 9) at the
Yucca Mountain sitg, great concern would be present on the consequences of
such activity, for example, to the waste package integrity, waste isolation,
and the rock characteristics. Howvever, the November 6th letter greatly
exaggerates the potential for hydrothermal activity at the site and ignores a
great body of data on: (1) what is presently known on the recurrence interval
and stratigraphic location of past hydrothermal activity at the site, and (2)
the present available information on the current thermal regime at Yucca
Mountain (Sections 3.2 and 3.3).

The potential for hydrothermal activity at the site is not considered to be an
anticipated event by the Project. Nor does the Project or the workshop
participants consider that "the potential existence of hydrothermal activity
is sufficiently serious so that the consequences of the deposit originating
through pedogenic processes have been mentioned only superficially in these
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vorkshops" as is claimed (Comment 11) in the November 6th letter. 1In con-
trast, the origin of the vein calcite and opaline silica deposits (hydrogenic
deposits) consistent with the present data is a pedogenic origin (Taylor and
Schroba, 1986; Taylor and Huckins 1986; Hayes, 1986). In addition, the
vorkshop meetings and numerous other meetings have discussed at great length
vhat the potential impacts of the mechanism of formation of these deposits
could have on licensing strategy.

3.2 Recurrence Interval and Stratigraphic Position of Past Hydrothermal
Activity

Past hydrothermal activity is known to have occurred at the site approximately
11 million years ago (Bish and Semarge; 1986, Bish, 1987), closely associated
in time with the known volcanism in the area and the deposition of the tuffs
from vhich the proposed repository is planned to be excavated. The paleogeo-
thermal signature of this hydrothermal event is found only at depth beneath
Yucca Mountain (Bish, 1987). Tempesatures of this hydrothermal event are
estimated to have reached 275° * 50° celsius at depths below 3.090 ft. in the
northern half of Yucca Mountain (Drillhole USV G-2) and only 100 : 50°
celsius at the bottom of deep drillholes located in the southern half of Yucca
Mountain (Drillhole USW G-1) (Bish, 1987). No other hydrothermal events have
been identified at the Yucca Mountain site.

Silica cemented breccias located along faults in close proximity to Yucca
Mountain may be of hydrothermal origin (see Section 2.2.2), but are older than
the calcite and silica vein deposits (Hanson, 1987; Voegele, 1987) and likely
associated with the only known hydrothermal event dated at 11 million years
(Bish, 1987) described above. 1In addition, the silica cemented breccias are
truncated by the younger calcite and opaline silica vein deposits located
along the Bow Ridge Fault and occur in areas where no vein deposits are
located in close proximity (Busted Butte) (Mattson, 1986). The Busted Butte
silica cemented breccia occurrence is overlain by wind-blown material known to
be older that 700,000 years before present (Mattson, 1986). The NNWSI Project
intends to perform further research to constrain the age relationships of
these potential hydrothermal deposits.

Given the great age of the hydrothermal event found at depth beneath Yucca
Mountain and the likely great age of the potential event(s) associated with
the deposition of jhe silica cemented breccias, the NNWSI Project does not
perceive any anticipated hydrothermal events at the Yucca Mountain site. In
addition, the present thermal regime at Yucca Mountain is known to be low,
based upon heat flow data and downhole temperature measurements (see Sec-

tion 3.3). Future hydrothermal activity is considered as an unanticipated
event and thus, need not be considered in waste package design and strategy to
comply with 10 CFR Part 60 as implied in the November 6th letter (Comment 12).

On page 2 of the November 6th letter (Comments 12, 13), it is stated that "I
believe the DOE can do little in the geology-hydrology portions of the draft
SCP other than explicit acknowledgement of the problem."” This statement is
supported by reference to the potential for hydrothermal activity. The NNWSI
Project does not agree that it should consider hydrothermal activity an
anticipated event. The Project is confident that adequate coverage of all
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anticipated events is present in the SCP. It is acknowledged that the present
coverage in the SCP does not include all of the information available to the
NNWSI Project because recent reports have only just become available and the
finalization of the external Peer Review was only recently completed. 1In
addition, to the fullest extent possible, the geologic and hydrologic
implications of calcite and opaline silica deposits (Section 2.0) to
potentially effect licensing strategy have been acknowledged and accounted for
in our licensing strategy for the waste package (Section «.J).

Also on page 2 (Comment 12) is the statement that the Wahmonie NTS site was
eliminated because "local surface deposits from recent warm springs indicate
upvard seepage of groundwater, possibly from great depths.” The above
comments are not correct because of the folloving reasons: (1) the quotation
is from the Draft EA, was not found to be supportable and thus withdrawvn from
the Final EA, and (2) the reason the Vahmonie site was withdrawn from consi-
deration was because "the area is structurally complex and hydrothermally
altered" and that the "subsurface is as complicated as the surface, and the
possibility of finding a repository medium at depth is remote” (Twenhofel,
1979). Thus, it is erroneous to state that the Wahmonie site was eliminated
because of the presence of recent warm springs and to use this statement or
the Wahmonie site as a geologic analogue of Yucca Mountain.

3.3 Present Day Thermal Regime at Yucca Mountain

The present day thermal regime located at Yucca Mountain is low. Surfsce
temperatures of springs in the area are all significantly less than 90
celsius (Benson et al., 1983; Benson and McKinley, 1985; Bell and Larson,
1982; Garside and Schilling, 1979; Trexler et al., 1939). In addition,
dowvnhole temperatures at Yucc8 Mountain range from 21~ celsius at a depth of
102 meters to a maximum of 65  celsius at a depth of 1,006 meters (Sass et
al., 1980). (It is normal to obtain higher temperatures at depth in drill-
holes.) Thus, present day temperatures of waters do not indicate any poten-
tial for hydrothermal activity.

The Yucca Mountain area lies on the southwest boundary of the Eureka Low, a
zone of low heat flow with all measurements less than 1.5 Heat Flow Units
(HFU) (Sass et al., 1971; Lachenbach and Sass, 1977). Average continental
heat flow is 1.5 HFU (Sass et al., 1971) and Nevada’s average heat flow is 2.0
HFU (Garside and Schilling. 1979). Heat flow at Yucca Mountain has been cal-
culated to-range from 1.1 to 1.3 HFU (Sass and Lachenbach, 1982), consistent
vith the area being located on the edge of the Eureka Low.

Given the low water temperatures measured at the site and the low heat flow
calculated for the site, there is little present day potential for hydro-
thermal activity at the site. 1In addition, hydrothermal systems take a sub-
stantial time to develop and last for millions of years (Silberman, et al.,
1985; Smith and Shaw, 1979). Thus, little potential exists for the develop-
ment of a hydrothermal system at Yucca Mountain in the future, especially the
next 10,000 years. Finally, the NNWSI Project believes it has adequately
considered all concerns related to the potential for hydrothermal activity at
the site and presently considers this potential not to reflect an anticipated
event. It is the opinion of the NNWSI Project that the November 6th letter
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has overstated and exaggerated the potential for hydrothermal activity (Com-
ments 6, 9, 11, 12) at the site and misrepresented the need to consider
hydrothermal activity in the waste package -design and strategy.

4.0 Vaste Package Licensing Strategy

4.1 Chronology of Events Related to the "Central philosophy of the NNWSI
licensing strategy”. (Comment 2 of November 6th Letter)

The initial focus of the NNWSI Project in the late 1970’'s was to evaluate the
suitability of placing & repository in the saturated zone beneath Yucca
Mountain. However, the concept of storing wvaste in the unsaturated zone had
been noted for nearly & decade (Winograd, 1972; Winograd, 1974). Later,
Vinograd (1981) summarized the advantages associated with thick unsaturated
zones, vith special reference to the Nevada Test Site. Roseboom (1983)
expanded on the concept and proposed design features that could enhance the
isolation potential of this environment. At Yucca Mountain, as an under-
standing of the hydrologic system began to develop, and as a result of the
urging by various sectors of the scientific community, more careful considera-
tien was given to the unsaturated zone. ' In 1982, investigative emphasis was
shifted to the unsaturated zone. Therefore, the central philosophy of the
NNUSI Project licensing strategy is to rely on the engineered barrier system
performance under the unsaturated site conditions.

At the Yucca Mountain site, the unsaturated zone could be a natural barrier to
radionuclide migration that would add to the barriers that exist in the
saturated zone system. The first component of the unsaturated zone barrier is
the very lowv flux of water that occurs at Yucca Mountain. Next, a sequence of
nonvelded porous tuffs that overlies the Topopah Spring Member may provide a
natural capillary barrier to retard the entrance of water into the fractured
tuffs (Montazer and Wilson, 1984). The NNVSI Project technical staff is
confident that this centralized philosophy for the waste package licensing
strategy is sound and defensible.

4.2 The Two NNWSI Vaste Package Quotations (Comment 3) and Anticipated Vater
Flux (Comments 14, 16)

The quotations were extracted out of context and out of order from the
October 17, 1986 draft of the wvaste package strategy document (executive sum-
mary) presented to "Headquarters for review on October 18, 1986. Since the
October 18, 1986, review, the BNL has participated in the review of NNWSI
Project vaste package licensing strategy (February 2, April 4, June 15,
July 8, 1987) as a part of the SCP. The quotations no longer represent the
current NNWSI Project strategy. Even in the October 17, 1986, draft of the
waste package strategy, the unsaturated nature of the repository (limited
amount of water) was identified only as one element of the strategy. The
other elements to which performance goals were assigned include the waste
container, the waste form, and the engineered environment.

The current NNVSI Project waste package compliance strategy allocates perfor-
mances to the three elements, mentioned above, based on our current under-
standing of the site. Where uncertainties exist, research and development of
the wvaste package and site characterization is underway or is planned to
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reduce or eliminate them. Performance assessment may suggest a reallocation
of performance to meet the NRC 10 CFR 60.113 requirements.

According to 10 CFR 60.113, the vaste package must be designed for anticipated
processes and events over the next 10,000 years. NRC staff analysis of

10 CFR Part 60 (NUREG-0804) defines the anticipated processes and events as
"such processes or events would not be anticipated unless they were reasonably
likely, assuming that processes operating in the geologic setting during the
Quarternary period wvere to continue to operate but with the perturbation
caused by the presence of emplaced waste superimposed thereon." All currently
available data are interpreted to indicate that the repository environment
wvill remain unsaturated for 10,000 years, and that it is not reasonably likely
that the vater flux will exceed the bounding values used in the NNWSI Project
strategy.

The goals for the amount of water contacting the waste packages, i.e., 5 and
20 L/yr, are based on a conservative upper bound of current percolation rate
through the repository horizon (i.e., 0.5 mm/yr) (Wilson, 1985) and a factor
of additional conservatism. At the 0.5 mm/yr flux, 0.25 L/yr is approximately
the annual quantity of water that would pass vertically through the projected
area above the vertical emplacement borehole. Multiplying by a factor of 20
for conservatism yields an annual volume of 5 liters passing through that
projected aréa. For the later time periods, an additional factor of four was
added for conservatism, allowing some packages to be contacted by up to 20
liters of water per year. Models of origin for calcite and opaline-silica
deposits that could become anticipated events (Section 2.0) are accounted for
in this conservative analysis, in that the wvaste package goals are 80 times
the estimated flux. It is important to note that the factor of 80 is based
purely on conservatism; in fact, that large an increase in flux would result
in saturation of the site. Any greater flux is neither considered reasonably
likely nor credible and is not designed for.

4.3 . 10,000 Year Containment (Comment 15)

The NNVUSI waste package design strategy is based upon the expectation that a
limited amount of water will come into contact with the waste containers over
the next 10,000 years, and is thus consistent with the present understanding
of anticipated site"conditions. Furthermore, it is not clear that the
existence of any upward flow activity at the Bow Ridge Fault necessarily
implies its long-term impact on the waste package as envisioned by the BNL.
Indeed, such regional flow phenomena would only be consistent with a water
table high enough to completely inundate the repository horizon and much of
the current surface area, which is certainly not likely to occur within the
next 10,000 years. Therefore, the connection of the proposed hydrothermal
activity at the Bow Ridge Fault and the 10,000 year containment is totally
illogical. Further, hydrothermal activity is not an anticipated event (See
Section 3.0).

In addition, the NRC 10 CFR 60.113 states that the containment period shall be
not less than 300 years nor more than 1,000 years after permanent closure of
the geologic repository. A 10,000 year containment by the EBS will put an
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unnecessary burden on the EBS and is inconsistent with the NRC's multiple
barrier approach. In explaining the concept of the multiple barrier,

10 CFR 60.102 states, "Following the containment period, special emphasis is
placed upon the ability to achieve isclation of the wastes by virtue of the
characteristics of the geologic repository.” This is consistent with the NRC
staff position (NUREG-0804) that the performance of the engineered and natural
barriers must each make a definite contribution. The NRC 10 CFR 60.101(a)(2)
also states; "While these performance objectives and criteria are generally
stated in unqualified terms, it is not expected that complete assurance can be
presented. A reasonable assurance...is the general standard that is
required." In viev of the fact that the NNWSI Project strategy is based on
the current knowvledge and anticipated behavior of the site, the 10,000 year
containment that is recommended by the BNL is neither necessary nor beneficiel
and is totally inconsistent with 10 CFR Part 60.113. It should also be noted
that in despite of their support for 10,000 year containment, BNL has never
established a technically feasible design for a 1,000 year waste package
containment, not to mention a wvaste package designed for 10,000 year
containment.

5.0 Summary

The NNWSI Project has arduously and diligently centered its efforts tovard a
technically sound licensing strategy on concerns related to the presence of
calcite and opaline-silica deposits (hydrogenic deposits), the potential for
hydrothermal activity, and the waste package. Some minor problems may remain;
hovever, the basic approaches have been repeatedly and thoroughly analyzed to
an extent that the NNVWSI Project is fully confident that the present licensing
strategies, plans, and planned future research adequately address the concerns
expressed in the November 6th letter and reflect a defensible position on the
part of the NNWSI Project.

The NNWSI Project does not agree with the rationale, interpretation, and logic
of the November 6th letter for the technical reasons briefly discussed above.
The November 6th letter exhibits a misunderstanding of our current Project
status, plans, and strategies. Finally, the November 6th letter clearly
emphasizes that the Project should base its technical program on the level of
publicity (Comments 7, 16) a topic receives. The Project does not intend to
base its licensing strategy on the amount of publicity a topic receives, but
on careful technical data analysis and judgement. Much of the technical
information available to the NNVWSI Project has not been cited and apparently
reflects that BNL is unavare of a substantial body of technical documents. It
is our recommendation that the appropriate staff from BNL amiably meet in Las
Vegas during March with technical, WMPO/DOE and DOE/HQ staff. The meeting in
Las Vegas will provide the opportunity for the BNL staff to understand the
NNWSI Project licensing strategy, Project plans, and become familiar with the
scientific information available to the Project. Please contact either Donald
Livingston, WMPO (FTS 575-8944) or U-Sun Park, SAIC (702-733-9958) to make
arrangements for this meeting.
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susscct:  RESULTS OF FIELD TRIP AND MEETING ON THE AGE OF THE LATHROP WELLS
VOLCANIC CENTER

Participants from the Los Alamos National Laboratory. the U.S. Geological Survey. the
University of New Mexico, WMPO, and SAIC reviewed field and laboratory evidence concerning
the age of volcanic activity at Lathrop Wells volcanic center. We examined critical field relations
at the volcanic center on February 3, 1987. On February 4, 1987, we reviewed the scientific
and programmatic implications of this evidence at a meeting in the SAIC office in Las Vegas.
We additionally discussed areas of future research that are needed for the volcanism studies

" part of the Site Characterization program. The following are major conclusions from the field
trip and meeting and represent the consensus opinions of the participants. :

1. We agreed that multiple lines of evidence support the observation that there were multiple
eruptive events separated by a significant time gap at the Lathrop Wells volcanic center.
This evidence includes:

A. Field observations suggest the lava flows of the center were erupted from a north-
northwest-trending fissure system. They were not erupted from the main scoria cone
of the Lathrop Wells center.

B. K-Ar determinations indicate the age of the lavas are about 150,000 + 100.000 yrs
old (2 sigma).

C. Cone degradation parameters suggest the main scoria cone of the Lathrop Welis
center is significantly younger than both the lava flows and the scoria cone/fissure
system that was the source of the lava flows.

D. The presence of angular. Ti-Cr bearing magnetite crystals in varnish developed on
the 150.000 yr old lavas requires introduction of the crystals from a separate and
younger eruption. The most likely source of these crystals was the eruptions that
produced the main scoria cone of the Lathrop Wells center.

2. The exact age of the youngest volcanic event at the Lathrop Wells center (formation of
the main scoria cone) is not yet well constrained. It is significantly less than the age
of the lava flows (150.000 yrs old) and is possibly younger than 20.000 yrs. This is
based on calibration of cone degradation parameters extrapolated from geologic research
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in the Cima volcanic field. the surface position and angular crystal form of Ti-Cr-bearing
magnetite crystals in varnish developed on 150.000 yr old lavas. and the estimated time
required for development of soils on the cone slopes. Cone degradation parameters of
the main scoria cone best match a 15.000 yr old scoria cone in the Cima volcanic field
gsee information in Dohrenwend and others, 1986. Geologic Society of America Bulletin.

pring 1986). This suggested age range is much younger than the previously documented
age estimate of the center of about 270.000 yrs. This new information wiil require
reexamination of volcanic rate parameters for calculation of the probability of voicanic
disruption of a repository. The new data point (age and magmatic volume} plot on the
previously established regression line. However, new approaches to caiculating a rate
of magma generation and predicting the time and volume of the next volcanic event are
suggested by a curve fit of cumulative volume versus time for all volcanic activity of 4
m.y. and younger in the Yucca Mountain region. Additionally we will have to reevaiuate
the ash horizons in the trenches used for neotectonic studies to test whether any of the
ashes could correlate with the newly recognized young volcanic event.

3. Important data that may provide more precise constraints on the age of the Lathrop Wells
cone is currently in jeopardy from commercial quarrying of cinder. If quarrying continues.
this information could be permanently lost. Significant outcrops of scoria have already
been removed in the last year. Field investigations will need to be conducted concurrently
with cinder quarrying to avoid loss of data.

Our discussions of future research needs for the volcanism studies were reviewed with
SAIC on February 5, 1987 and incorporated into Chapter 8.3 of the SCP. We will also include
the information in the Study Plans in support of the SCP and in the FY88 and FY89 work
plans for the volcanism work breakdown task. | have attached a list of suggested required
studies to resolve the current age problems with the youngest volcanic event. All are consistent
with previously proposed studies. Two studies wiil require some expanded work including: 1)
evaluation of the age of the youngest volcanic event using experimental isotopic and varnish
techniques and 2) development of new techniques for correlation of ash horizons in trenches
with established volcanic events.
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REQUIRED STUDIES FOR REFINING VOLCANIC CHRONOLOGY

TOPIC

1. Detailed field mapping of Lathrop Wells volcanic
center using 1:5000 scale color photography and oblique
photography of cinder quarry walls.

2. Investigate obtaining historic photographs of Lathrop

Wells volcanic center to evaluate geologic information

g;loe )to quarrying operations (assign responsibility to
IC).

3. Quarry mapping for tephrachronology and analysis
of soil stratigraphy of the Lathrop Wells scoria cone and
adjacent areas. May require small trenche: .1 selected
outcrop areas.

4. Geochemistry of scoria sequences for young volcanic
centers and ash horizons in trenches. Information will
be used for geochemistry parts of the volcanic hazards
studies and for correlation of ash horizons with
volcanic events.

5. Development of calibration curves for the Yucca
Mountain area for cone degradation parameters. Analysis
of soil development and soil stratigraphy for young
volcanic centers in the Yucca Mountain region. These
techniques can be used to refine and cross-check volcanic
geochronology.

6. Continued dating of young volcanic rocks using the
K-Ar technique.

7. Experimental techniques for determining the age of
volcanic rocks or the time of surface exposure of
volcanic rocks. The preferred techniques include 3¢Cl,
3He. cation-dating of varnish. radiocarbon dating of

varnish, U-Th disequilibrium and measurement of magnetic

pole positions.
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